1. Introduction {#sec1}
===============

2019-novel coronaviruses belong to the β species of coronaviruses, which mainly transmitted through respiratory droplets and close contact, and it can be found in human respiratory epithelial cells in about 96 h, which firstly attacks the lungs and induces serous fluid, fibrin exudates, and hyaline membrane formation in the alveoli \[[@bib1]\]. COVID-19 infection is furiously spreading at an alarming rate, with a cumulative number of 116,736 confirmed cases and 5701 deaths outside China to date. As the earliest epidemic area, China has achieved a major victory in the cooperation of the people through the efforts of the government. At present, a total of 70,547 cases have been cured and discharged in China. In this outbreak, the elderly population is generally susceptible with high incidence of severe disease and mortality \[[@bib2]\]. Community-acquired pneumonia in the elderly population has been found to result in decreased activities of daily living (ADL) and QoL, accompanied by decreased physical and mental function \[[@bib3]\]. Respiratory disorders and lack of exercise in the elderly can lead to diseases such as apraxia syndrome and pulmonary infections \[[@bib4]\]. Therefore, for elderly patients who suffered from COVID-19 and discharged with satisfying results, improved respiratory function is an important factor in maintaining ADL and QoL of the elderly.

Respiratory rehabilitation can improve respiratory function and QoL in patients with chronic obstructive pulmonary disease (COPD) \[[@bib5]\]. However, the effect of respiratory rehabilitation on respiratory function and QoL in older adults with COVID-19 is unknown. Studies have evaluated respiratory function in elderly patients with COPD, including those with suspected COPD, who have better respiratory rehabilitation \[[@bib6]\]. Thus, in this study, we conducted a randomized controlled trial to investigate the effects of respiratory rehabilitation on respiratory function, ADL, QoL, and psychological status in elderly patients with COVID-19 who were discharged from the hospital with satisfying results.

2. Method {#sec2}
=========

***Participants***: were recruited from Hainan General Hospital central hospital and Huanggang Central hospital, which were designated by the government to admit COVID-19 from January 1, 2020 to February 6, 2020. Inclusion Criteria: (1) with a definite diagnosis of COVID-19; (2) aged 65 years or above; (3) ≥ 6 months after the onset of other acute diseases; (4) mini-mental state examination (MMSE) score \> 21; (6) no COPD or any other respiratory disease; and (7) forced expiratory volume in 1 s (FEV1) ≥ 70%. Exclusion criteria: (1) moderate or severe heart disease (Grade III or IV, New York Heart Association); (2) with severe ischemic or hemorrhagic stroke or neurodegenerative diseases.

***Study Design:*** This study is an open randomized controlled trial. Participants were aware of all rehabilitation procedures, including respiratory rehabilitation (2 sessions per week for 6 weeks), once a day for 10 min. The demographic characteristics of each subject were assessed prior to randomizing the subject. Odd numbers of patients were in the intervention group while even numbers of patients in the control group using a computer-generated allocation order. Interventions included: (1) respiratory muscle training; (2) cough exercise; (3) diaphragmatic training; (4) stretching exercise; and (5) home exercise. For respiratory muscle training, participants used a commercial hand-held resistance device (Threshold PEP; Philips Co.) for three sets with 10 breaths in each set; parameters were set at 60% of the individual\'s maximal expiratory mouth pressure, with a rest period of 1 min between the two sets. Three sets of 10 active coughs were adopted for cough exercises. For diaphragmatic training, each participant performed 30 maximal voluntary diaphragmatic contractions in the supine position, placing a medium weight (1--3 kg) on the anterior abdominal wall to resist diaphragmatic descent. In stretching exercises, the respiratory muscles are stretched under the guidance of a rehabilitation therapist. The patient was placed in the supine or lateral decubitus position with the knees bent to correct the lumbar curve. Patients were ordered to move their arms in flexion, horizontal extension, abduction, and external rotation. In terms of home exercises, subjects were instructed in pursed-lip breathing and coughing training, and asked to undergo 30 sets per day.

2.1. Assessment {#sec2.1}
---------------

***Primary Outcome Measures:*** Respiratory function; ***Secondary Outcome Measures:*** Exercise endurance (6-min walk distance), ADL and QoL, psychological status assessment (anxiety, depression scores).

***Respiratory function,*** by automated computerized spirometer (Model ML3500S) of Micro Direct, for assessing respiratory function. The following parameters related to respiratory function were measured: (1) forced expiratory volume in 1 second (FEV1); (2) forced vital capacity (FVC); (3) DLCO (%) refers to the amount of CO that passes through the alveolar capillary membrane into the capillary blood per unit time, per unit pressure difference with a percentage of the measured value to the predicted value \> 80% as normal.

***Exercise endurance,*** which measured under the 6-min walk test (6MWT), is the distance one walks within 6 min (also known as the dynamic distance). Percutaneous oxygen saturation (SpO~2~), heart rate, systolic blood pressure, diastolic blood pressure, respiratory rate and perceived exertion (Borg scale) were measured before and after a 6-min walk using a saturated pulse oximeter.

***Activities of daily living(ADL)*** The rehabilitation therapist assessed ADL with the Functional Independence Measure (FIM) scale. The FIM contains 18 items, each with a maximum score of 7 points, minimum score of 1 point, and a maximum total score of 126 points. The 18 items of the FIM can be divided into 13 items for assessing motor ADL (including 6 self-care items, 2 sphincter control items, 3 transfer items, and 2 motor items) and 5 items for assessing cognitive ADL (including 2 items) for communication and 3 items for social cognition).

***QoL Assessment*** The QoL of patients in the two groups before and after nursing intervention was assessed using the Short Form-36 (SF-36). The SF-36 scale had 8 dimensions, and each dimension was converted into a percentage score. The higher score, the better QoL.

***Assessment of Anxiety, Depression*** Self-rating depression scale (SDS) and self-rating anxiety scale (SAS) were exploited to assess depression and anxiety in the two groups 2 days after the intervention. Both SDS and SAS have 20 items, each of which was scored on a scale of 1--4, and the higher score, the more severe the degree of depression and anxiety.

***Study Termination*** The study was terminated when any of the following was reached: worsening of subjective symptoms (dyspnea); SpO~2~ decreased by 85% or less; the heart rate increased to 85% or more of the predicted maximum heart rate.

2.2. Statistical analysis {#sec2.2}
-------------------------

SPSS 24.0 was used for all statistical analysis. The minimum sample size of each group was 26, power was 80%, and an α error was 5%. The magnitudes of the effects were calculated using the Mann Whitney *U* test with Cohen\'d coefficient set to 0.8. Therefore, the sample size of this study (n = 72) has sufficient detection ability. To ensure a balanced random distribution, Fisher\'s exact test was used for gender differences between the intervention group and the control group at baseline, and unpaired *t*-test was used for age and other variable evaluation. Wilcoxon rank sum test was used to compare the results of each group with the baseline indicators. Using Mann Whitney *U* test to compare the difference between the two groups, the statistical significance was set as P \< 0.05.

***Ethical considerations*** The survey was conducted with the approval of the ethics committees of Hainan General Hospital and Huanggang Central Hospital (approval numbers: 19758 and 20200125). All participants provided written informed consent after receiving a complete written description of the trial.

3. Results {#sec3}
==========

A total of 92 patients were assessed for eligibility. Among them, 9 patients disagreed with this study, 3 patients with FEV1 ≤ 70%, 4 patients severe heart disease, and the remaining 76 patients were randomized. Of the 38 patients in the intervention group, 2 patients abandoned before completing all 12 sessions and were unable to continue rehabilitation. Of the 38 patients in the control group, 2 were also unable to continue rehabilitation. Finally, a total of 72 patients completed the study, of whom 36 completed the respiratory rehabilitation program.

**Baseline Characteristics** There were no statistically significant differences between the two groups of patients in age, gender, BMI, extent of lung CT lesions, past medical history ([Table 1](#tbl1){ref-type="table"} ).Table 1Baseline characteristics for COVID-19 patients: Intervention versus Control group.Table 1CharacteristicsIntervention group (n = 36)Control group (n = 36)P-valuesMale, n, %24 (66.7)25 (69.4)0.17Age, years, (M±SD)69.4 (8.0)68.9 (7.6)0.24BMI, kg/m^2^, (M±SD)23.1 (3.5)22.9 (3.9)0.12CT features of lung lesions, nMultilobular lesion25 (69.4)23 (63.9)0.33Unilobar lesion11 (30.6)13 (36.1)0.27Pleural effusion4 (11.1)3 (8.3)0.18Comorbidity, nHypertension10 (27.8)8 (22.2)0.56T~2~DM9 (25.0)9 (25.0)0.67Osteoporosis8 (22.2)6 (16.7)0.41

**Pulmonary Function Test** The intervention group and the control group were compared after 6 weeks of respiratory rehabilitation, and found that there was a statistically significant difference between FEV1 (L), FVC (L), FEV1/FVC% and DLCO% ([Fig. 1](#fig1){ref-type="fig"} , [Fig. 2](#fig2){ref-type="fig"} , [Table 2](#tbl2){ref-type="table"} ).Fig. 1Changes in FEV1 and FVC over a 6 week time frame for the full cohort of patients.Fig. 1Fig. 2Changes in FEV1/FVC% and TLCO% over a 6 week time frame for the full cohort of patients.Fig. 2Table 2Comparison of lung function, quality of life, and anxiety and depression between the two groups before and after intervention (M ± SD).Table 2\
MeasuresIntervention group (n = 36)Control group (n = 36)PrePost6 weeks agoAfter 6 weeks***Pulmonary Function Test***FEV1(L)1.10 ± 0.081.44 ± 0.25\*^\#^1.13 ± 0.141.26 ± 0.32FVC(L)1.79 ± 0.532.36 ± 0.49\*^\#^1.77 ± 0.642.08 ± 0.37FEV1/FVC%60.48 ± 6.3968.19 ± 6.05\*^\#^60.44 ± 5.7761.23 ± 6.43TLCO %60.3 ± 11.378.1 ± 12.3\*^\#^60.7 ± 12.063.0 ± 13.4***Exercise Capacity Test***6MWT, m162.7 ± 72.0212.3 ± 82.5\*^\#^155.7 ± 82.1157.2 ± 71.7***ADL***FIM109.2 ± 13109.4 ± 11.1109.3 ± 10.7108.9 ± 10.1***QoL* (*SF-36*)**Physical health52.4 ± 6.271.6 ± 7.6\*^\#^53.2 ± 7.754.1 ± 7.5Body role function61.2 ± 6.675.9 ± 7.9\*^\#^61.3 ± 7.262.0 ± 7.3Physical pain63.5 ± 7.478.3 ± 7.8\*^\#^63.5 ± 8.162.9 ± 7.9General health61.8 ± 7.774.2 ± 7.9\*^\#^61.8 ± 8.461.4 ± 6.9Energy60.6 ± 6.975.6 ± 7.1\*^\#^60.5 ± 7.161.2 ± 6.3Social function59.4 ± 7.269.8 ± 6.4\*^\#^59.5 ± 7.058.9 ± 6.6Emotional role function61.4 ± 6.975.7 ± 7.0\*^\#^61.4 ± 7.360.8 ± 7.3Mental health61.5 ± 6.573.7 ± 7.6\*^\#^61.6 ± 7.262.1 ± 7.6***Anxiety and depression assessment***SAS score56.3 ± 8.147.4 ± 6.3\*^\#^55.8 ± 7.454.9 ± 7.3SDS score56.4 ± 7.954.5 ± 5.955.9 ± 7.355.8 ± 7.1[^2][^3][^4]

**Exercise Capacity Test** The 6-min walk distance after 6 weeks of respiratory rehabilitation within the intervention group was significantly longer than that before the intervention, which was statistically significant and also statistically significant compared with the control group ([Fig. 3](#fig3){ref-type="fig"} , [Table 2](#tbl2){ref-type="table"}).Fig. 3Changes in 6 min walking distance over a 6 week time frame for the full cohort of patients.Fig. 3

**ADL** There was no significant improvement neither within the intervention group nor compared with the control group ([Table 2](#tbl2){ref-type="table"}).

**QoL** SF-36 scores in 8 dimensions, which were statistically significant within the intervention group and between the two groups, suggesting an improvement in QoL ([Table 2](#tbl2){ref-type="table"}).

**Anxiety and Depression Scores** SAS and SDS scores decreased after the intervention in the intervention group, but only anxiety was statistically significant within and between groups, and SDS scores were not statistically significant within and between groups ([Table 2](#tbl2){ref-type="table"}).

4. Discussion {#sec4}
=============

To our knowledge, this first randomized controlled trial of COVID-19 in patients aims at investigating the efficacy of this regimen and revealing that 6-week respiratory rehabilitation significantly improves respiratory function, QoL, and anxiety and depression in elderly patients with COVID-19 and those without COPD.

Under CT, patients with COVID-19 may have some residual fibrotic lesions in the lungs following current treatment and discharge protocols \[[@bib7]\], which may affect the patient\'s respiratory function. However, our study found that pulmonary function was significantly improved after 6 weeks of respiratory rehabilitation training. The reason may be that the rehabilitation training related to respiratory muscles in respiratory rehabilitation training, and respiratory muscles include intercostal muscles, enthusiastic muscles, abdominal wall muscles, etc., which play an important role in maintaining respiratory function. The decline of its function leads to dyspnea, abdominal breathing with labial constriction, increases the expansion range of the breast muscle during breathing, encourages patients to exercise the abdominal wall during breathing to reduce chest wall movement, slows down the respiratory rate to reduce power consumption, and increases pulmonary ventilation and blood oxygen content \[[@bib8]\].

Our exercise endurance measures assessed using the 6-min walk test led to significant improvements in exercise capacity for the intervention after a 6-week respiratory rehabilitation program. These results are similar to those reported by Giansanti \[[@bib9]\], who reported a significant improvement in 6MWD after 6--9 weeks of respiratory rehabilitation, suggesting an improvement in exercise capacity. However, exercise training is the core of respiratory rehabilitation, its effect is affected by the way, intensity, time and place of exercise training, and reasonable exercise training has a positive impact on the physical and mental health and QoL of COVID-19 patients \[[@bib10]\]. Maki \[[@bib11]\] et al. evaluated a study of 2504 patients with chronic obstructive non-disease who received exercise intervention and found that the patients' muscle strength increased by 78%, muscle endurance increased by 92% and muscle mass increased by 88%. The mechanism of action of exercise training on COPD rehabilitation is mostly related to the improvement of ventilation and gas exchange function, cardiovascular function and limb muscle function in patients \[[@bib12]\]. Combined with our data, it is suggested that exercise training has a significant improvement on exercise capacity in COVID-19 patients.

In our study, living ability did not improve significantly after respiratory rehabilitation, which may be due to the relatively short duration of our respiratory rehabilitation. In addition, the independence of living ability of our patients was weak, so the improvement of living ability was not significant after short-term respiratory rehabilitation. In our study, QoL was assessed using the SF-36, and there was an improvement in QoL after 6 weeks of respiratory rehabilitation, which was statistically significant with the control group. Studies have found that: respiratory rehabilitation can improve the QoL of patients with COPD \[[@bib6]\], asthma \[[@bib13]\], lung cancer after surgery \[[@bib14]\]. Additionally, we found that 6 weeks of respiratory rehabilitation significantly improved anxiety in elderly patients with COVID-19, which is consistent with the effect of respiratory rehabilitation in COPD with Rebelo \[[@bib15]\]. While in our previous study, it has been found that patients with COVID-19 experience increased depression and anxiety after isolation treatment \[[@bib16]\]. On the other hand, positive changes in depression scores did not seem to be influenced after the respiratory rehabilitation program. This is in line with the findings of McNamara \[[@bib17]\] et al. who reported that 6--9 weeks of respiratory rehabilitation did not improve depression in elderly patients with COPD. The above results need to be further confirmed by samples and longer respiratory rehabilitation studies.

**Conclusions:** Six-week respiratory rehabilitation can improve respiratory function, QoL and anxiety in elderly patients with COVID-19, but it has no significant improvement in elderly depressive state and activities of daily living.

4.1. Study limitations {#sec4.1}
----------------------

This study has several limitations. Owing to the nature of the recovery and assessment environment, every effort has been made to blind assessors and participants to group allocation, but this cannot be guaranteed. Therefore, we cannot rule out placebo effects, observer bias or experimenter bias in the current study. In addition, because at least 6 weeks of rehabilitation were required, we could only discharge patients before February 6, which make our the sample size small; to address these limitations, a further double-blind study with a large sample size at multiple centers was required.
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